INTRODUCTION
============

Biopsychosocial models provide an explanation for the understanding of personality, especially temperament, in terms of individual variance on the basis of genetics and neurobiology.[@B1] According to Cloninger\'s model, the four dimensions of temperament are described as pertaining to novelty seeking (NS), harm avoidance (HA), reward dependence (RD), and persistence (P). NS defines the tendency to respond actively to novel stimuli and describes a genetic disposition towards being excitable, impulsive, exploratory, and quick-tempered. HA corresponds to the tendency toward an inhibitory response to aversive stimuli and cautious, overly pessimistic behavior and thought. RD implies a tendency towards maintaining or continuing behavior, and is manifested as sensitivity, sentimentality, and dependence on other people\'s approval. P has relevance to continuing and persevering despite fatigue and lack of reward.[@B2],[@B3]

Personality has been known to be closely related to the development of several physical illnesses, such as cardiovascular diseases (CVDs) and their risk factors.[@B4],[@B5] Moreover, Specific temperament is associated with autonomic cardiac regulation,[@B6] and preclinical atherosclerosis which is risk factor of CVDs.[@B7] However, only indirect effects of temperament on CVDs have been proposed to explain the linking mechanism between them. An acknowledged factor explaining the relationship between dimensions of temperament and the increased risk of CVDs is behavioral, i.e. the fact that individuals will have different lifestyles or coping strategies according to temperaments.[@B5],[@B7] In addition, some studies have shown that anger and hostility are strongly associated with coronary heart diseases (CHD),[@B8] and especially anger suppression leads to cardiovascular risk and reactivity.[@B9],[@B10] As HA corresponds to the tendency toward an inhibitory response to aversive stimuli and cautious, overly pessimistic behavior,[@B2] this inhibitory tendency may be related to anger suppression in a way, which may affect CHD outcome.

There is another possibility, that individuals scoring high or low on certain temperament dimensions are also prone to develop mental illnesses including depression and anxiety disorders, which increase sympathetic activities resulting in high cardiac morbidities and mortalities.[@B11]-[@B15] Although depression and anxiety disorders as well as CVDs seem to be affected by high sympathetic activities, there is little data examining the direct impact of temperament on the sympathetic nervous function. Measuring skin temperature is a useful way to determine sympathetic activity because skin temperature is predominantly controlled by sympathetic nervous function, unlike blood pressure or heart rate which is controlled by both sympathetic and parasympathetic nervous functions. Thus, we aimed to examine the effect of temperament on sympathetic nervous function by examining skin temperature in a normal population.

METHODS
=======

Subjects
--------

The study was conducted in 68 normal subjects who were recruited by a local advertisement. The study group was composed of 35 women and 33 men, with a mean age (±standard deviation) of 34.85 years (±8.92). The Institutional Review Board of the Samsung Medical Center approved the study, and informed consent was obtained from all participants. All participants underwent psychiatric interviewing using a structured psychiatric interview method (Mini-International Neuropsychiatric Interview Plus, MINI-plus) to exclude major psychiatric illnesses. They also underwent thorough medical interviewing to exclude major medical illnesses. These processes were conducted by two experienced psychiatrists, and all participants did not have any psychiatric illness according to the DSM-IV diagnostic criteria, and were also free of any major medical illnesses.

Measures
--------

Temperament was assessed using the Korean version of the Cloninger Temperament and Character Inventory (TCI).[@B16] The Spielberger\'s State Anxiety Inventory (STAI-S) was administered to all subjects. Skin temperature was used to determine sympathetic nervous function and was measured using a previously established method.[@B17] Skin temperature reflects cutaneous circulation, which is controlled by the sympathetic vasoconstrictor and vasodilator nerves. Sympathetic activation stimulates postsynaptic α1- and α2-receptors on cutaneous vessels and causes decreases in skin blood flow, which in turn, lowers skin temperature.[@B18] Thus, low skin temperature reflects an increased sympathetic tone.

Statistical analysis
--------------------

Correlation analyses among the four dimensions of temperament, age, sex, systolic blood pressure (SBP), diastolic blood pressure (DBP), STAI-S, and skin temperature were performed using Pearson\'s correlation analysis. Hierarchical multiple linear regression was performed to examine the predicting effect of temperament on skin temperature controlling for age, sex, SBP, DBP and STAI-S. Statistical significance was set at p\<0.05. All statistical analyses were performed using SPSS for Windows, ver. 17.0 (SPSS Inc, Chicago, IL, USA).

RESULTS
=======

[Table 1](#T1){ref-type="table"} presents the demographic and psychological characteristics of the study subjects. [Table 2](#T2){ref-type="table"} shows correlations between skin temperature and dimensions of temperament. A higher harm avoidance (HA) score was related to a decreased skin temperature (i.e. an increased sympathetic tone; r=-0.343, p=0.004). On the contrary, Persistence (P) showed a positive correlation with skin temperature (r=0.433, p=0.001). Other dimensions of temperament showed no significant correlations with skin temperature. A higher HA score was related to higher scores in STAI-S (r=0.671, p=0.001) and STAI-S was negatively correlated with skin temperature (r=-0.255, p=0.036) as expected. Age showed no significant (p\>0.1) correlation with skin temperature whereas female sex, high SBP and DBP were significantly associated with decreased skin temperatures (r=-0.437, p=0.005; r=0.246, p=0.043; r=0.424, p=0.001, respectively)([Table 2](#T2){ref-type="table"}).

By multivariate analysis using hierarchical multiple linear regression, HA was found to be the predicting variable among temperaments to account for a low skin temperature after controlling for sex, DBP, SBP, and STAI-S (p=0.001, ΔR^2^=0.071)([Table 3](#T3){ref-type="table"}). In addition, P was the predicting variable to account for high skin temperature after controlling for sex, DBP, SBP, and STAI-S (p=0.001, ΔR^2^=0.050)([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The present study showed that individuals with high HA have decreased skin temperature (i.e. increased sympathetic nervous function) whereas individuals with high P have increased skin temperature. These results suggest that high HA predicts increased sympathetic nervous function whereas high P predicts decreased sympathetic nervous function. Many pathologic conditions, including CVDs as well as several psychiatric disorders, have been suggested to be related to both neurotic or anxious personality traits and to increased sympathetic nervous function.[@B12],[@B16],[@B19],[@B20] As state anxiety showed a highly positive correlation with HA in this study, our findings provide evidence of a link between neurotic or anxious personalities and the development of CVDs which are associated with increased sympathetic nervous function.

We suggest two explanations for the underlying mechanism linking high HA to increased sympathetic nervous system. Firstly, HA reflects an inheritable disposition towards anxiety, caution, and pessimism, characteristics that make people feel anxious more easily.[@B3] Our results showed that subjects with high anxiety levels have high HA and low skin temperatures. This is consistent with previous finding that anxiety is closely related to the functions of the autonomic nervous system.[@B21] Thus, it is plausible that high HA leads to increased level of anxiety, which, in turn, results in increased sympathetic nervous function. Another possible explanation is that HA may affect sympathetic nervous function through the serotonergic system. In addition, HA is known to be associated with serotonin transporter polymorphism[@B22] and the serotonergic system is known to play a key regulatory role in the sympathetic nervous system through controlling vascular conductance and hemodynamic changes.[@B23],[@B24] Thus, HA may directly affect sympathetic nervous function through an altered serotonergic system.

In addition, our findings suggest that P may have protective effect on CVDs since high P showed a negative correlation with sympathetic nervous function. High persistence is associated with industriousness, perseverance and perfectionism, and implies a heritable bias towards continuing and persevering despite fatigue and lack of reward.[@B3] Thus, we can assume that P has protective effect on CVDs. As there is little direct evidence supporting the protective effect of P on CVDs, further studies will be needed to prove it.

In this study, we measured systolic blood pressure (SBP) and diastolic blood pressure (DBP) to figure out the effect of blood pressure on sympathetic nervous function. Previous studies to examine the relationship between blood pressure and CVDs showed that SBP is more strongly related to the risk of cardiovascular disease than DBP.[@B25],[@B26] In our study, we tried to explore different influences of SBP and DBP on sympathetic nervous function, respectively, but we found that both SBP and DBP significantly affect peripheral skin temperature. As our study included only 68 normal healthy subjects, further study with a larger sample will be needed to examine the exact mechanism of blood pressure effect on sympathetic nervous function in a general population.

This study has some limitations. Firstly, the number of subjects was relatively too small to extend this finding to the general population. Secondly, as we measured only sympathetic nervous function using skin temperatures, we could not assess overall autonomic nervous function, which is determined by the balance between the sympathetic and parasympathetic functions. Thirdly, an age bias could affect the results of the study since our subjects were relatively too young.

In conclusion, a temperament of high harm avoidance is related to an elevated sympathetic nervous function and high persistence has relation with lower sympathetic nervous function in a normal population. Thus, temperament may be an important factor in some medical and psychiatric illnesses which are known to be associated with the sympathetic nervous function.
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Demographic and clinical characteristics of subjects (N=68)
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Data are given as mean±standard deviation. BMI: body mass index, HR: heart rate, STAI-S: The Spielberger\'s State Anxiety Inventory, NS: novelty seeking, HA: harm avoidance, RD: reward dependence, P: persistence
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Correlation coefficients among temperament and other variables including peripheral skin temperature (N=68)
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Regarding sex, 0 reflects men and 1 reflects women. NS: novelty seeking, HA: harm avoidance, RD: reward dependence, P: persistence, SBP: systolic blood pressure, DBP: diastolic blood pressure, STAI-S: The Spielberger\'s State Anxiety Inventory, ST: peripheral skin temperature
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Results of multiple linear regression analysis
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β: standardized coefficients, HA: harm avoidance, P: persistence, SBP: systolic blood pressure, DBP: diastolic blood pressure, STAI-S: The Spielberger\'s State Anxiety Inventory
